Preparations of pyruvate formate-lyase were made from Escherichia coli cells. Net reversal of the "phosphoroclastic split" of pyruvate was readily demonstrated with these preparations. Incubation of acetyl phosphate with formate resulted in the accumulation of pyruvate in concentrations up to 0.5 mm. Catalytic amounts of coenzyme A were essential. Pyruvate was also readily formed from acetyl coenzyme A and formate. The equilibrium constant of the reaction (pyruvate-+ HPO42-acetyl phosphate2-+ formate-) has been determined to be about 23 at 37 C.
Kalnitsky and Werkman (6) first reported the conversion of pyruvate into acetate and formate by a cell-free extract of Escherichia coli. The enzyme system responsible has been studied by a number of workers (1, 2, 7, 12, 13) . It has been established that pyruvate and coenzyme A (CoASH) are converted to acetyl coenzyme A (acetyl-CoA) and formate. This reaction is catalyzed by an enzyme for which Chase and Rabinowitz (2) have proposed the name "pyruvate formate-lyase." Although the appropriate name is probably "acetyl-CoA: formate acetyltransferase," we will refer to the enzyme as pyruvate formate-lyase. The properties and activation of this enzyme have been studied by Chase and Rabinowitz (2) and by Knappe et al. (7) . For formation of acetyl phosphate (acetyl-P), phosphotransacetylase (acetyl-CoA: orthophosphate acetyltransferase, EC 2.3.1.8) is required. The reactions occurring are: (i) pyruvate-+ CoASH _ acetyl-CoA + formate-; (ii) acetyl-CoA + p,2-_ acetyl-P2-+ CoASH; (iii) sum: pyruvate-+ P12-_ acetyl-P2-+ formate-.
It is convenient to assay the lyase in the presence of excess phosphotransacetylase and high concentrations of inorganic phosphate (Pi). Our preparations always contained excess phosphotransacetylase.
Lipmann and Tuttle (9) of 5 mm DTT, 10 mm potassium pyruvate, and 0.5 mM Fe(NH4)2(SO4)2, under nitrogen, for 7 min below 10 C. The sonically treated suspension was then transferred with a syringe to 10-ml nitrogen-filled polycarbonate Spinco centrifuge tubes equipped with serum stoppers and centrifuged at 160,000 x g for 2 hr. The supernatant fraction was transferred with a syringe to 8-ml vials and stored under liquid nitrogen.
Assay for pyruvate. Pyruvate was assayed by the "extraction" method of Friedemann and Haugen (3) , with the following modifications to increase the sensitivity of the assay. The sample volume was 2 ml instead of 3 ml; the alkali added was 1 ml of 5 N NaOH instead of 5 ml of 1.5 N NaOH; and absorbancy was determined at 440 nm instead of 520 nm.
In the enzymatic pyruvate assay used in experiment 2 of Table 1 A formic acid sample was mixed with an equal volume of t-butanol that had been acidified with hydrochloric acid to 0.1 M, and 0.2 ml of the mixture, usually containing 50 to 500 nanomoles of formic acid, was applied to the column. The acids eluted from the column were automatically titrated with a titration rate meter (5). Titration curves were drawn by a recorder. An electrical integrator was used with the recorder to determine the areas of peaks. The RF value of formic acid was about 0.13, and the RF value of acetic acid was about 0.58. Formic acid was very well separated from acetic, pyruvic, lactic, and succinic acids.
Assay for acetyl-P. Acetyl-P was determined as acetohydroxamate according to the method of Lipmann and Tuttle (10 Aliters) that had been activated by preincubation as described below, was injected through the rubber stopper. The mixture was then incubated at 37 C for 30 min. After the reaction, the tube was placed in an ice bath, and samples were taken for acetyl-P and formate assays. When pyruvate was also to be assayed, 2 ml of reaction mixture was incubated instead of I ml. The amount of acetyl-P produced during the incubation was proportional to the amount of cell-free extract up to about 1.6 mm acetyl-P. The amount of formate found always agreed fairly closely with the amount of acetyl-P (formate/acetyl-P = 1.01 0.07).
The cell-free extracts always had high phosphotransacetylase activity, and addition of a partially purified phosphotransacetylase preparation from E. coli did not increase the acetyl-P-forming activity of the extracts. Therefore, the pyruvate formate-lyase reaction with cell-free extracts was carried out without addition of supplementary phosphotransacetylase. One unit of pyruvate formate-lyase activity was defined as the amount of the enzyme that produced I gmole of acetyl-P (or formate) in 30 min at 37 C within the proportionality range mentioned above. Specific activity was expressed as units of enzyme per milligram of protein.
As has been reported (7, 8) , strongly anaerobic conditions are necessary for pyruvate formate-lyase reaction. We observed that even with nitrogen aspiration in the presence of DTT, addition of CoCl2 gave enhanced activity. We found that 10-4 M Co2+ increased the rate at which 0.005 M DTT removed dissolved oxygen about 20-fold. We found 0.5 mM CoCI2 to be optimal.
Knappe et al. (7), who also used cobalt, concluded that its primary role was not oxygen removal.
The activation of pyruvate formate-lyase by incubating the extract with pyruvate and SAM was found to be necessary (2, 7). Omission of pyruvate from the sonic treatment and the activation mixtures greatly reduced enzyme activity (specific activity dropped from 9.3 to 3.8), even in the presence of Fe2+ and DTT in the activation mixture and of Co2+ and DTT in the assay mixture. This is contrary to an observation made by Knappe et al. (7) . Omission of SAM from the activation mixture reduced the enzyme activity fivefold, even in the presence of pyruvate in the sonic treatment and the activation mixtures (2) . Therefore, the preincubation for the activation of the enzyme was done under the following conditions. One milliliter of cell-free extract, 10 milliliters of potassium pyruvate, 5 umoles of DTT, 0.2 gmoles of SAM, and 0.5 umoles of Fe(NH4)2(SO)2, in a total volume of 1.045 ml, were injected into a stoppered, nitrogen-filled test tube and incubated at 37 C for 30 min.
RESULTS
Formation of pyruvate from acetyl-P and formate. Calculation from known thermodynamic data indicates, as shown below, that it should be possible to demonstrate net reversal of both reaction (i) and reaction (iii) and that reversal of reaction (iii) should be more readily obtained than reversal of reaction (i). The data of Table 1 show that net pyruvate synthesis from acetyl-P was obtained readily but only in the presence of added CoASH and formate. Pyruvate synthesis from acetyl-CoA was also observed. In experi- Table 2 , and rates are as micromoles per milliliter for the 15-min incubation period. Lines were positioned by the method of least squares for convenience although there is no reason to suppose that the lines should be straight. The equilibrium constants of the reaction, calculated from the X-intercepts of the lines, are: from pyruvate, 34.7; from acetyl-P, 0.37; and from formate, 15.4. The formate result is regarded as being most reliable. Table 3 holds at 37 C, one can calculate an equilibrium constant of 1,370 for reaction (i), the conversion of pyruvate and CoASH to acetylCoA and formate.
